over 100 microscopic fields. All slides were read in duplicate by two microscopists at the time of sample collection. In the case of discordance, the slides were examined by a third microscopist.
The density of parasitemia was expressed as the number of asexual parasite per microliter of blood, assuming a leukocyte count of 8000 cells per microliter according to the WHO guidelines.
Nested PCR assay of Plasmodium species
Parasite DNA was extracted from half of a 50ul-dried blood spot by the Saponin/Chelex method (1) . The final extracted volume was 200μl. A nested amplification of the 18S rRNA gene region of Plasmodium (P. falciparum, P. vivax, P. malariae and P. ovale) was used for parasite detection and species identification in all samples. DNA from P. falciparum isolates 7G8 (MR4- 
CSP sequencing and phylogenetic analyses
Four internal primers were designed specifically on the P. malariaecsp gene region and used together with the published primers (7) (Technical Appendix Table) Cycler. PCR products were visualized on 1% agarose gel and then purified and sequenced from both ends with BigDye Terminator v3.1 Cycle Sequencing Kit on an ABI 3130xl sequencer.
All obtained sequences were blasted against NCBI GenBank database for verification.
They were translated into protein sequences and analyzed together with all available csp protein sequences of P. malariae as well as P. brasilianum retrieved from the GenBank database. Due to potential alignment errors associated with gaps in the nucleotide sequences, translated amino acid sequences with unambiguous indels were used in phylogenetic analyses. Sequences were aligned with MUSCLE v3.7 (8) using default settings followed by manual editing in Sequence Alignment Editor v1.d1 (9) . A phylogenetic tree was reconstructed using the maximum likelihood method implemented in the PhyML program v3.0 (10). The WAG (Whelan And Goldman) substitution model,which assumes an estimated proportion of invariant sites and four gamma-distributed rate categories to account for rate heterogeneity across sites, was selected.
Resulted trees were visualized in FigTree v1.4.2.
Sequence diversity including measures of evolutionary distances and average pairwise divergence were estimated using SSE v1.2 (11) . The matrix-normalized distances based on the standard PAM model (12) that accounts for the probability of change from one amino acid to another were calculated. In addition, a similarity scan was performed between and within sequences using the standard PAM-Dayhoff matrix to normalize a matching score. Regions that meet or exceed the set criteria of the number of matches were plotted on a dot plot graph.
Plasmodium malariae of East Africa (Kenya and Uganda), Central/West Africa (Cameroon and Cote d'Ivoire), and South America (Brazil and Venezuela) were compared for level of sequence diversity among gene regions.
